The Lactococcus lactis subsp. lactis 7 12 lacG gene encoding phospho-/?-galactosidase was isolated from the lactose mini-plasmid pMG820 and cloned and expressed in Escherichia coli and L. lactis. The low phospho-/?-galactosidase activity in L. lactis transformed with high-copynumber plasmids containing the IacG gene contrasted with the high activity found in L. lactis containing the original, low-copy-number lactose plasmid pMG820, and indicated that the original lactose promoter was absent from the cloned D N A . In E. coli the phospho-& galactosidase could be overproduced using the strong inducible A PL promoter, which allowed a rapid purification of the active enzyme. The complete nucleotide sequence of the L. lactis lacG gene and its surrounding regions was determined. The deduced amino acid sequence was confirmed by comparison with the amino acid composition of the purified phospho-/?-galactosidase and its amino-terminal sequence. This also allowed the exact positioning of the lacG gene and identification of its characteristic Gram-positive translation initiation signals. The homologous expression data and the sequence organization of the L. lactis lacG gene indicate that the gene is organized into a large lactose operon which contains an intergenic promoter located in an inverted repeat immediately preceding the lacG gene. The organization and sequence of the L. lactis lacG gene were compared with those of the highly homologous lacG gene from Staphylococcus aureus. A remarkable bias for leucine codons was observed in the lacG genes of these two species. Heterogramic homology was observed between the deduced amino acid sequence of the L. lactis phospho-/?-galactosidase, that of the functionally analogous E. coli phospho-/?-glucosidase, and that of an Agrobacterium /?-glucosidase (cellobiase).
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fermentations. It has been suggested that the presence of lactose-PTS is a prerequisite for the rapid homolactic fermentation of these starter bacteria (Lawrence et al., 1976) . Early studies of lactose metabolism implied that the lactose-specific PTS components and phospho-/?-galactosidase were plasmid encoded in various lactococcal strains (McKay et al., 1970; McKay, 1983) . Genetic mapping experiments showed that these lactose genes were contained within an approximately 7 kb region on the L . lactis subsp. lactis 712 lactose mini-plasmid pMG820 (Gasson, 1983) . These observations facilitated the cloning and expression in Escherichia coli of the pMG820-encoded phospho-()-galactosidase gene (Maeda & Gasson, 1986) , previously designatedpbg (de Vos, 1987) but in analogy with the terminology proposed for S . aureus (Breidt et al., 1987) now described as lacG. Similar approaches have been used to clone the plasmidencoded lacG genes from Lactobacillus casei (Lee et al., 1982) and L . lactis subsp. cremoris (Inamine et al., 1986) in E. coli. However, since cloning systems for these lactic acid bacteria have only recently been developed, studies on the expression of the lacG genes have been confined to heterologous hosts (LeBlanc, 1987; de Vos, 1987) . Here we describe the cloning of the pMG820 lacG gene in its homologous host, the study of its expression in L. lactis and E. coli, and the analysis of its gene product purified from an overproducing E. coli. The organization of the L . lactis lacG gene is further analysed by the determination of the nucleotide sequence of the gene and its surrounding regions, and its nucleotide and deduced amino acid sequences are compared with those of lacG genes from other Gram-positive bacteria. In addition, heterogramic homology is demonstrated between the Gram-positive phospho-()-galactosidases and Gram-negative counterparts, not only for the E. coli phospho-/?-glucosidase (Schnetz et al., 1987) as noted previously (Porter & Chassy, 1988) , but also for an Agrobacterium ()-glucosidase which has a high affinity for the non-phosphorylated substrate cellobiose (Wakarchuk et al., 1988) .
METHODS
Bacterial strains and plasmids. These are listed in Table 1 .
Media, reagents and enzymes. Media based on M 17 broth (Difco) containing 0.5 % glucose or lactose (Terzaghi & Sandine, 1975) and L-broth (1 % tryptone, 0.5% yeast extract, 0.5% NaC1) were used for the growth of L. lactis and E. coli, respectively. Ampicillin (Ap), chloramphenicol (Cm), o-nitrophenyl P-D-galactopyranoside (ONPG) and o-nitrophenyl fi-D-galactopyranoside 6-phosphate (ONPGdP) were purchased from Sigma. Unless stated otherwise, the antibiotics were used at final concentrations of 50 pg ml-1 and 10 pg ml-l, respectively. Restriction enzymes, T4 DNA polymerase, T4 DNA ligase, calf intestinal phosphatase and the Klenow fragment of E. coli DNA polymerase were obtained from Bethesda Research Laboratories and Boehringer Mannheim Biochemicals, and used under conditions as suggested by the suppliers.
DNA manipulations and transfer. Plasmid DNA was isolated essentially according to the alkaline lysis method of Birnboim & Doly (1979) , using partially protoplasted cells which were obtained by incubating cells in 50 mMTris/HCl (pH 7.4) containing 25% (w/v) sucrose, 0.5 mM-EDTA and 10 mg lysozyme ml-1 for 10 min at 4 "C (E. coli) or 37 "C ( L . lactis). Further purification of plasmid DNA by CsCl/ethidium bromide density-gradient centrifugation, and all subsequent manipulations of DNA in vitro and in E. coli, were performed as described by Maniatis et al. (1982) . L. lactis protoplasts were prepared from exponentially growing cultures as described previously (Gasson, 1980) and were transformed according to the method of Kondo & McKay (1984) . Transformants were isolated on M17 agar plates containing 0.5 M-sucrose and 5 pg chloramphenicol ml-l using a top agar overlay. In some cases use was made of protoplasts kept at -80 "C. Conjugation of pMG820 to L. luctis MG 1363 containing pNZ12 derivatives was performed using the filter mating technique as described previously (Gasson & Davies, 1980) with counterselection for chloramphenicol resistance.
Determination of nucleotide sequences. DNA fragments were subcloned into single-stranded DNA vectors, either M13Mp8 or M13Mp9, using E. coli JM103 as host (Messing, 1983) . Nucleotide sequences of both strands were determined by the dideoxy chain termination method (Sanger et al., 1977) .
Assembly and analysis of sequence data. Sequence data were assembled and analysed using the PC/GENE program version 5.01 (Genofit, Geneva). The facilities of the Netherlands CAOSlCAMM Center (University of Nijmegen) were used to screen the protein databases NBRF/PIR release 18.0, NBRF/NEW release 36.0 and SWISS-PROT release 9.0.
Phospho-P-galactosidase and P-galactosidase assays. Cell-free extracts of exponentially growing cultures were prepared by ultrasonication ( E . coli) or obtained from osmotically shocked protoplasts (L. lactis). Phospho-Pgalactosidase and P-galactosidase activities were determined at 37 "C using the chromogenic substrates ONPG-6P and ONPG, respectively (Maeda & Gasson, 1986; Miller, 1972 Bradford (1976) with bovine serum albumin as standard. Oi?erproduction, purifjcation and analysis of the laccgeneproduct. A 1.5 kb Hid-Aha111 fragment (see Figs 1 and 2 for location) containing the structural lacG gene from which the HinfI site had been made blunt-ended by treatment with Klenow polymerase was cloned into the Hind111 site of pUC7. The lacG gene was subsequently isolated as a BamHI fragment and cloned under control of the A PL promoter in the BamHI site of the expression vector pPLc28. Cells of E. coli AH1 Atrp carrying the resulting plasmid pNZ316 were grown to an ODboo of 0.5 at 28 "C, at which time the culture was divided into two equal parts. One part was further incubated at 28 "C and the other part at 42 "C to inactivate the thermosensitive , I repressor. Samples (1 ml) were taken after 1,2 and 3 h and the cells were collected by centrifugation (12000g, 2 min). The cell pellets were each then resuspended in 100 p1 of the lysis buffer [2% (w/v) sodium dodecyl sulphate (SDS), 5 % (v/v) P-mercaptoethanol, 10% (v/v) glycerol, 50 mMTris/HCl, pH 6.8, and 0.001 % bromophenol blue] and boiled for 3 min; 30 p1 of each sample was then electrophoresed on a 10% SDS-polyacrylamide gel, and the protein bands were visualized by staining with Coomassie blue (Laemmli, 1970) . The lacG gene product was isolated from an overproducing E. coli containing pNZ316 as described by de Vos & Simons (1988) , yielding approximately 15 mg purified phospho-fi-galactosidase from one litre of induced culture. The purified protein was subjected to acid hydrolysis (6 M-HCI, 110 "C for 24 and 96 h, in racuo) and the total amino acid composition was determined using an LKB type 4151 amino acid analyser (courtesy of Dr S. Visser and Mr P. van Rooijen). In addition, the N-terminal amino acid sequence of the purified phospho-P-galactosidase was determined with the aid of a gas-phase sequenator (Applied Biosystems) after transfer of the protein to glass sintered filter paper (Vandekerkhoven et al., 1985) . number wide-host-range lactic streptococcal vector pNZ12 and cloned into E. coli MC 1061. Two plasmids differing with respect to the orientation of the inserted DNA (pNZ30 and pNZ3 1) were selected and transformed into the plasmid-free, lactose-deficient L. lactis MG 1363. The resulting strains were not able to ferment lactose, indicating the absence of the other lactose-specific PTS enzymes. The level of phospho-b-galactosidase activity in both hosts (Table 2 ) was affected by the orientation of the inserted fragment, indicating the involvement of a vector-located sequence in the expression of the lacG gene. A properly orientated consensus promoter sequence is known to be present in the sequence upstream of the repA gene in the replication origin of the vector pNZ12 (de Vos, 1987). The CAT-194 gene of pNZl2 was replaced by the promoterless B. pumilis CAT-86 gene derived from pPL603 (Williams et al., 1981) . When correctly orientated as in plasmid pNZ220, resistance to 25 pg chloramphenicol ml-l was conferred on E. coli, demonstrating that transcriptional activity can proceed into the DNA cloned in pNZ12. In addition, by reducing the distance between the presumed location (Maeda & Gasson, 1986 ) of the lacG gene and the vector-located promoter, resulting in pNZ32 and pNZ36, an increase in lacG gene expression could be observed in both E. coli and L. lactis (Table 2) . The smallest plasmid, pNZ36, gave the highest specific phospho-/I-galactosidase activity. In spite of the approximately 10-fold higher copy number of pNZ36 as compared to that of pMG820 (unpublished observations), it appeared that L. lactis containing the original lactose plasmid pMG820 showed a higher phospho-P-galactosidase activity than L. lactis containing pNZ36 (Table 1) . These results indicate either that the original lacG gene promoter is not present on the cloned DNA fragments or that it is present but requires an activating component not specified by the cloned DNA. To discriminate between these possibilities pMG820 was conjugated into L. lactis MG1363 containing pNZ32. Since no effect of gene dosage was observed in the resulting L. lactis strain containing both compatible plasmids, it was concluded that the 4.4 kb XhoI fragment contains the structural lacG gene but lacks the promoter which is responsible for the high expression of the lacG gene when located on pMG820.
Nucleotide sequence of the L. lactis lacG gene
The organization of the pMG820-derived lacG gene was further investigated by determining the nucleotide sequence of the insert present in smallest phospho-/I-galactosidase-expressing plasmid, pNZ36. The nucleotide sequence contained one open reading frame with the size and orientation expected from the genetic analysis of the lactose region of pMG820 and from estimates of the molecular mass of purified phospho-P-galactosidase enzyme (Maeda & Gasson, 1986; de Vos & Simons, 1988; Fig. 2) . The exact start of the lacG gene was concluded from the analysis of its expression product (see below), which allowed the identification of its ribosomebinding site and initiation codon (Fig. 2) . The lacG gene extended from the ATG initiation codon (position 121-123) to the ochre termination codon TAA (position 1526-1528). The 1407 bp facG gene encodes a 468-residue polypeptide with a molecular mass of 54078 Da.
The L. lactis lacG gene is preceded by a 84 bp sequence which contains the major part of a consensus Gram-positive promoter sequence (Graves & Rabinowitz, 1986; de Vos, 1987) , with the canonical sequences TTGATT and TATTTG, which are spaced by 17 bp. The -10 region of this putative intergenic promoter is located in a DNA sequence which is capable of forming a stable stem-loop structure as is shown in Fig. 3 . Support for the functionality of this promoter has been obtained from preliminary transcription analysis in E. coli (unpublished results). In addition, gene fusion studies have been performed to show the functionality of the postulated signals involved in the transcription and translation initiation of the lacG gene. In those experiments use was made of the unique ApaI site located at a suitable position in the lacG coding region (position 207 in Fig. 2) . A 261 bp SstI-ApaI fragment was isolated from pNZ32 and made blunt-ended by T4 DNA polymerase. Based on the sequence information of the lacG gene a correct in-frame lac2 gene fusion was expected when this blunt-ended DNA fragment was inserted in the expression probe vector pMC1403 linearized and made blunt-ended by digestion with EcoRI and BamHI followed by a filling-in reaction using the Klenow fragment of E. coli DNA polymerase. Blue colonies were obtained on L-plates containing X-Gal and ampicillin when the resulting ligation mixture was transformed into E. coli MC1061, whereas 
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~y pNZ32 DNA (not shown). These results confirm the sequence results and show that the L. lactis lacG transcription and translation initiation signals are functional in E. coli. Their combined efficiency, however, is not high since the specific activity of the /?-galactosidase specified by pNZ23 1 [0.063 nmol min-' (mg protein)-'] is relatively low, although significantly higher than that specified by pMC1403 [less than 0.008 nmol min-l (mg protein)-'].
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Overproduction and analysis of the phospho-l)-galactosidase To confirm the identity of the putative lacG gene product, its presence in an overproducing E. coli was demonstrated. To this purpose the lacG gene was excised as a HinfI-Aha111 fragment (for location of sites see Figs 1 and 2) and inserted into the expression vector pPLc28 so as to place the lacG gene under control of the A PL promoter. This results in plasmid pNZ316 (see Methods). Since HinfI cuts in the inverted repeat preceding the IacG gene (position 81 ; see Figs 2 and 3), any possible effect of this secondary structure on the phospho-/?-galactosidase expression is prevented. Fig. 4 compares the intracellular proteins of an E. coli host containing the thermosensitive 1 repressor and carrying pNZ316 when grown at inducing and non-inducing temperatures. A protein with an apparent molecular mass of 58 kDa is overproduced under inducing conditions. Concomitantly with this induction, the phosp ho-/?-galactosidase specific activity of the E. coli cells increases from approximately 3 nmol min-' (mg protein)-' (after 3 h at 28 "C) to 8900 nmol min-' (mg protein)-' (after 3 h at 42 "C).
The phospho-P-galactosidase was purified from an overproducing E. coli to apparent homogeneity using a one-step purification method (de Vos & Simons, 1988) . The amino acid composition of this purified protein (Fig. 5 ) was in good agreement with that deduced from the nucleotide sequence (Table 3 ). In addition, the sequence of the first ten amino-terminal amino acids of the purified protein was determined. The sequence Met-Thr-Lys-Thr-Leu-Pro-Lys-AspPhe-Ile was found, which completely matched that predicted from the nucleotide sequence (see underlined sequence in Fig. 2) .
DISCUSSION
The cloning and expression of the L. lactis 712 lacG gene in both E. coli and L. lactis is described. Several lines of evidence indicate that the cloned fragments, which cover more than lacG gene of L. factis 1841 2 kb of DNA upstream of the lacG gene, do not contain the original lactose promoter, and suggest that the facG gene is part of an operon. The main evidence is the low specific phospho-Pgalactosidase activity found in L. lactis carrying the lacG gene cloned on a high-copy-number vector, which contrasts with the high activity found in L. lactis containing the original, lowcopy-number lactose mini-plasmid pMG820 (Table 2) . Sequence analysis of approximately 2.5 kb upstream of the lacG gene shows the presence of several open reading frames, including those encoding the lactose-specific PTS enzymes Factor I11 (IacF) and Enzyme I1 (la&), which, like those in S. aureus (Breidt & Stewart, 1987) , are organized in an operon structure with small intercistronic regions (W. M. de Vos and others, unpublished). Further support for an operon structure of the lactose genes comes from RNA studies which show the presence of a long (approximately 6 kb) mRNA specific for the lacG gene (W. M. de Vos and others, unpublished observations) and from the isolation of a strong functional promoter located approximately 5 kb upstream of the phospho-P-galactosidase gene
An operon structure of the lactose genes in L. lactis implies that the promoter located immediately upstream of the facG gene is an intergenic promoter. Evidence for its functionality has been derived from lac2 fusion studies in E. coli and from the observation that low, but significant, expression of the lacG gene is observed in L. factis containing pNZ30. In this plasmid the lacG gene is most likely not under control of a vector-located promoter since the chloramphenicol resistance (CAT-1 94) gene (Fig. 1 ) is followed by a functional rho-independent terminator (Horinuchi & Weisblum, 1982) . In the complete lactose region, it is therefore possible that expression of the phospho-P-galactosidase gene is under dual control of a strong, presumably inducible lac promoter, located far upstream of the facG gene, and a weak, intergenic promoter adjacent to the facG gene. If so, this intergenic promoter may ensure a low and possibly constitutive level of phospho-P-galactosidase in the cell. An advantage of this situation could be the degradation of traces of lactose 6-phosphate, which may be toxic to the cells. In addition, the degradation of lactose 6-phosphate results in the formation of galactose 6-phosphate which is assumed to be the inducer of the lactose genes in L. factis (McKay, 1983) .
The -10 region of the intergenic promoter is located within a region of dyad symmetry (Fig.  3) . The function of this inverted repeat, which is followed by a stretch of T residues, is not clear. By analogy with the functions of dyad symmetries found in other PTS operons (Schnetz et al., 1987; Mahadevan & Wright, 1987; Schnetz & Rak, 1988) , it may be involved in the regulation of lacG gene expression and may act (i) as a regulation site for the intergenic promoter, (ii) as an intergenic terminator, or (iii) as a sequence involved in stabilization of the lac operon mRNA. Alternatively, folding of the lac mRNA in such a stable loop [AG value of -18.2 kcal mol-l ( -76.1 kJ mol-l), as calculated following the rules of Tinoco et al. (1973) l could reduce the distance between the end of the facE gene and the start of the IacG gene.
The L. lactis lacG sequence was compared with that of the S . aureus IacG sequence (Breidt & Stewart, 1987) . A remarkable degree of homology, both between the nucleotide sequences and between the deduced amino acid sequences (80% and 82% identity, respectively), was found (Fig. 2) . The S. aureus facG gene is 6 bp longer than the L. lactis counterpart due to an insertion at position 1273. In both sequences a consensus Gram-positive ribosome-binding site (McLaughlin et al., 1981) is located immediately upstream of the initiation codon. In L. factis this is the sequence GAAAGGA, which is highly complementary to the 5' end of the L. factis 16s rRNA [Ludwig et al., 1985 ; AG -14 kcal mol-l (-58.6 kJ mol-l), as calculated following the rules of Tinoco et a f . (1973)l and is 9 bp away from the ATG initiation codon.
The sequences flanking the L. factis lacG gene do not share homology with sequences located in the immediate vicinity of the S . aureus lacG gene (Breidt & Stewart, 1987) . Whereas the S . aureus lacG coding sequence is followed by a rho-independent terminator, it appears that no such structure is found downstream of the L. factis facG gene, which, in contrast, is followed by an intercistronic region without significant secondary structure and another open reading frame (de Vos & Simons, 1988) . Both lacG genes are preceded by another gene lacE (encoding Enzyme 11-lactose; Breidt & Stewart, 1987; de Vos & Simons, 1988) , the termination codons of which are shown in Fig. 2 . However, in the S . aureus lactose region, the intergenic promoter and the . . . Fig. 5 . Homologies in the deduced amino acid sequences of the L. lactis phospho-P-galactosidase (P-p-GAL; 468 amino acids, this study), an Agrobacterium P-glucosidase (P-GLU; 458 amino acids, Wakarchuck et al., 1988) and the E. coli phospho-P-glucosidase (P-P-GLU; 471 amino acids, Schnetz et al., 1987) . The amino acid sequences are given in the one-letter code and have been aligned by introducing gaps (hyphens) to maximize identity. Identical amino acids are shown in bold face.
P-P-GAL --LED1 IHNKFILDAT YLGHYSDKTM EGVNHILAEN GGELDLRDED P-GLU -LKAAERAFQ FHNGAFFDPV FKGEYPAEMM E---------
P-P-GAL FQALDAAKDL NDFLGINYYM SDWMQAFDGE TEIIHNGKGE KGSSKYQIKG
8-GLU AEDLGIISQK LDWWGLNYYT PMRVADDATP GVEFPA--------------P-P-GLU AEDL---KHT VDFISFSYYM TGCVSHDESI NKNAQG----------
P-P-GAL -SNGYEKRYG LFYVDFDTQE RYPKKSAHWY KKLAETQVIE P-8-GLU SHSQMSKRYG FIYVDRDDNG EGSLTRTRKK SFRMVCAEVI KTRGLSLKKI TIKAP
Percentage identity for pairwise comparisons were 29-1 % for L. lactis P-P-GAL and Agrobacterium P-GLU, 28.3% for E. coli P-P-GLU and Agrobacterium P-GLU, and 28.2% for L. lactis P-P-GAL and E. coli P-P-GLU. Dots above the P-P-GAL sequence refer to amino acids which are identical in the three phospho-P-galactosidase sequences from L. lactis, S. aureus and Lactobacillus casei (Porter & Chassy, 1988).
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inverted repeat of the L. lactis operon are absent. This may reflect the differences in the regulation of lacG gene expression, which is tight and under repressor control in S . aureus (Oskouian & Stewart, 1987) but relatively relaxed in L. lactis (Maeda & Gasson, 1986 which starts with a threonine residue (Hengstenberg et al., 1970) . The L. lactis lacG product expressed in E. coli is clearly not processed at its amino-terminus. Whether this is a result of the overproduction in E. coli (Sharma, 1986) or an inherent property of the L. lactis phospho-& galactosidase remains to be determined. In any case, these results on the NH,-terminal sequence provide the first confirmation of the functionality of a presumed lactic streptococcal translation initiation sequence (de Vos, 1987) .
The la& gene investigated in this study has been cloned, via the lactose mini-plasmid pMG820, from the large, 56.5 kb plasmid pLP712 present in the multiplasmid host L . lactis 712 (Gasson, 1983) . The nucleotide sequence is completely identical to the sequence of the lacG gene of the L. lactis strain 2268, which was independently determined (A. Mercenier, personal communication; Boizet et al., 1988) . In the latter strain the lacG gene is located on a large 54 kb plasmid, pUCL13, which greatly differs from pLP712 in its restriction map (Boizet et al., 1988; Gasson, 1983) . These results suggest that plasmid evolution in the mesophilic lactic streptococci is of recent date.
The L. lactis lacG coding region is highly homologous to that of S . aureus both at the protein level and at the nucleotide level. Recently, the Lactobacillus casei lacG nucleotide sequence has also been determined and included in a comparison of the deduced phospho-Q-galactosidase sequences of L. lactis, S . aureus and Lb. casei (Porter & Chassy, 1988) . Considering the location of the amino-terminal sequence of the L. lactis lacG gene product reported here, all three phospho-P-galactosidases have a similar length and show a degree of homology exceeding 50%, with the L. lactis-S. aureus pair being the most homologous. Also the codon usage for the L . lactis and S . aureus IacG genes was found to be very similar, with a predominance of adenine or uracil in the third position, reflecting the relatively low GC content of those genes and species (Porter & Chassy, 1988) . However, a careful comparison of the codon usage showed a significantly different codon usage for the Leu codon (see Table 4 ). The preference for a CUU codon in L. lactis is not shared by S . aureus, where a strong preference for the UUA codon is found. In addition, the optimal E. coli Leu codon CUG (Aota et al., 1988) is not used at all in either phospho-P-galactosidase gene, and this apparently does not affect the overproduction in E. coli of the L. lactis phospho-P-galactosidase (Fig. 4) . Inspection of the Leu codons in the phospho-P-galactosidase sequences (Fig. 2) shows nine instances (amino acid positions 5, 38, 123, 237, 252, 274, 284, 294, 423) where a S. aureus UUA Leu codon has been changed into a CUU Leu codon in L. lactis as a result of two separate mutations. This is a relatively unlikely event, not observed for other codons, and suggests that there has been a strong selective pressure both at the amino acid level (Leu amino acid) and the nucleotide level (Leu codon usage) in these Gram-positive bacteria.
The high overall homology between the phospho-/I-galactosidases of the lactic acid bacteria and S . aureus is not expected from the phylogenetic position of these species within the Clostridiurn tree of the Gram-positive bacteria (Stackebrandt & Teuber, 1988) and has been used to suggest a recent and rapid horizontal evolution of these lactose genes (Porter & Chassy, 1988) . The deduced amino acid sequence of the lacG gene shows no homology with the E. coli /I-galactosidase but, in contrast, a remarkably high homology with that of the E. coli phospho-/?-glucosidase (bglB) gene (Schnetz et al., 1987 , Porter & Chassy, 1988 Fig. 5) . This is the second case of a PTS-related enzyme showing heterogramic homology, the other example being the
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Bacillus subtilis Enzyme 11-sucrose, which is homologous to Enzymes I1 of various enteric species, including that of the E. coli bgl operon . A further discussion on the implication of the observed homologies for the evolution of these functionally homologous phospho-P-glycosidases has been presented elsewhere (Porter & Chassy, 1988 ; de Vos & Simons, 1988) . Unexpectedly, a similar high degree of homology is found between the deduced amino acid sequence of the two phospho-P-glycosidases and that of a P-glucosidase from Agrobacteriurn sp. ATCC 21400 (Wakarchuk et al., 1988) , which is specific for cellobiose (Fig. 5) . Regions of identity and high homology are present along the whole polypeptide sequence and include amino acids which are identical in the three Gram-positive phospho-P-galactosidases (Fig. 5) . These homologous sequences may constitute domains which are involved in the common function of these enzymes, which all hydrolyse P-glycosidic linkages. In addition, the few regions of homology shared only by the two phospho-P-glycosidases may be specific for the binding and/or cleavage of the phosphorylated substrates. The high heterogramic homology between the L. lactis and E. coli phospho-p-glycosidases and the Agrobacteriurn P-glucosidase suggests a common ancestor for those PTS-and non-PTS-related enzymes. Partial homology between PTS-and non-PTS-related enzymes has been shown before for the B. subtilis sucrose-6-phosphate hydrolase. This PTS-related enzyme is partially homologous to yeast invertase (Fouet et al., 1986) , and contains, as does the homologous sucrose-6-phosphate hydrolase from Streptococcus rnutans, a sucrose box which is conserved in the sequence of fructosyltransferase and levansucrase (Sato & Kuramitsu, 1988) .
